We report six new occurrence records of the bush dog Speothos venaticus, a widely distributed South American carnivore that is threatened with extinction. These records are accompanied by notes on the places where the records were made, such as vegetation type, date and information about the protection of areas. The records, obtained over the last 17 years in Paraná state, southern Brazil, offer an improved understanding of the species geographic range and the threats it faces and can enable better assessments of the conservation status of the species in southern Brazil.
Introduction
The bush dog, Speothos venaticus (Lund, 1842) , is a small canid widely distributed in South America. It ranges from Panama (Central America) in the north to northeastern Argentina and Paraguay in the south; and also occurs in Colombia, Venezuela, the Guianas, Brazil, and eastern Bolivia and Peru (Alderton, 1994) . Its unique features give it the most distinctive appearance of all canids: small size, elongated body, small eyes, short snout, short tail, short legs, and small and rounded ears, in addition to gregarious and diurnal behavior (Beisiegel and Zuercher, 2005; Busto and Pérez, 1998; Alderton, 1994; Sheldon, 1992) .
Considered naturally rare and difficult to see within its geographic range (Emmons and Feer, 1997; Beisiegel and Zuercher, 2005) , the species has been recorded occasionally in South America, as summarized by Defler (1986) for Colombia; Beccaceci (1994) for Paraguay; Strahl et al. (1992) for Venezuela; Barnett et al. (2001) for Guyana; and Aquino and Puertas (1997) for the Peruvian Amazon. DeMatteo and Loiselle (2008) reviewed what was known about the species' distribution in order to assess its overlap with protected areas and to recommend strategies for its conservation. In Brazil the species has been recorded at a few sites in Goiás by Silveira et al. (1998) ; in the Amazonian region by Silva-Júnior and Soares (1999) ; in the Pantanal by Rodrigues et al. (2002) ; in the Atlantic Forest of São Paulo state by Beisiegel and Ades (2004) ; in Pará, Tocantins, and Maranhão by Oliveira (2009) ; in Mato Grosso by Michalski (2010) ; in Mato Grosso do Sul by Teribele et al. (2012) ; and in Paraná by Fusco and Ingberman (2012) .
Difficulties to obtain information on the species' ecology, distribution and behavior has generated significant interest in the species and led to research focused on its conservation. For example, Peres (1991) reported observations on bush dog hunting behavior in Amazonia. Busto and Pérez (1998) reported new insights into the species' behavior in the wild, based on observations of five individuals captured in the headwaters of the Acaray River (Paraguay) and raised in captivity at the Itaipu Wildlife Research Center. They reported that the animals, two parents and three pups, were captured in dense forest from a den constructed under the trunk of a canafístula tree (Peltophorum dubium). The den had a striking system of subterranean rooms with multiple exits that were small and well-concealed by vegetation. Other recent studies have focused on the natural history of the species in the Atlantic Forest (Beisiegel, 1999; Beisiegel and Ades, 2002) ; on methods of attracting bush dogs for research in Paraguay's Mbaracayú Reserve ; on radio-telemetry with captive animals (DeMatteo and Kochanny, 2004) ; on diet and habitat in eastern Paraguay ; and on home range, activity patterns, and habitat selection (Lima et al., 2012) . A review of existing information on bush dogs carried out by canid specialists was recently compiled by DeMatteo (2008) .
The red list of globally threatened species classified Speothos venaticus as Vulnerable in 1996, but demoted the species to Near Threatened in 2008. There was no explanation for the change, which was unexpected given that the species' population trend is declining and the threats it faces increasing (IUCN, 2012a, b) . S. venaticus is listed in Appendix I of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), which protects the animal species most severely threatened by hunting at the international level. It is worth noting that just one other canid (gray wolf, Canis lupus) is listed on CITES Appendix I, which protects several other notoriously threatened species, including giant panda (Ailuropoda melanoleuca), red panda (Ailurus fulgens), elephants (Elephas maximus and Loxodonta africana), gorillas (Gorilla spp.), chimpanzees (Pan spp.), and Tasmanian wolf (Thylacinus cynocephalus), which is possibly extinct (CITES, 2012) . In Brazil, state-level red lists suggest a more critical status for bush dogs. The species is considered likely extinct in Minas Gerais (Machado et al., 2005) , despite a recent record in the state after 170 years without a sighting (Braga, 2012) . In Rio de Janeiro and São Paulo bush dogs are classified as Critically Endangered (Bergallo et al., 2000; São Paulo, 1998) , while in Paraná (Braga et al., 2010) and Rio Grande do Sul (Fontana et al., 2003) they are considered Vulnerable, in line with the national red list status (Chiarello et al., 2008) . The Paraná red list offers no information regarding the species apart from noting that " [...] given the limited number of confirmed records in the state, maintaining the national-level classification is recommended [...]" (Braga et al., 2010, p. 71) .
In order to inform more detailed analyses of the species' geographical distribution and the design of effective conservation measures, we compiled records and information on occurrence localities over the last 17 years in Paraná state, subtropical Brazil. Based on this new information, we argue that an updated threat status is needed for Speothos venaticus in Paraná state.
Methods
Information on the species was compiled from several field studies over the last two decades in Paraná state, via direct observations of the species and its sign in the wild. Field observations were complemented with searches of collection records in museums and the scientific literature, and via interviews with trusted sources who are familiar with the species and have recorded it recently.
Only records from Paraná state (southern Brazil) over the last 20 years were included in the study. Each record included geographical coordinates (degrees-minutes-seconds) and the most complete possible details, such as time of day, site characteristics, number of individuals, and other complementary information. Vegetation at the occurrence localities was classified following the system of Veloso et al. (1991) . Threat categories discussed here are those used by the International Union for the Conservation of Nature and Natural Resources (IUCN, 2012a, b) .
ArcView10 software was used to map the records onto a layer of the Phytogeographic Map of Paraná (1989 Paraná ( /1990 obtained from Maack/ITCG/IBGE.
Results and Discussion
The current literature contains very little information on bush dog occurrence in southern Brazil (e.g., Beisiegel and Zuercher, 2005; DeMatteo and Loiselle, 2008) . Distribution maps of the species are based on confirmed occurrence records, more generalized estimated range maps like those of Eisenberg (1989) , Eisenberg (1992, 1999) , and Emmons and Feer (1997) , and a compilation of interviews with researchers working throughout the area where bush dogs are likely to occur. At the continental scale, the maps with the highest resolution are those of Beisiegel and Zuercher (2005) , Zuercher et al. (2004), and DeMatteo & Loiselle (2008) . At the regional level, Oliveira (2009) has provided precise occurrence records for Speothos venaticus in northern Brazil, and Michalski (2010) has done the same for some records in Mato Grosso state.
Despite this striking lack of information regarding the species' occurrence in southern Brazil, the first documented record in the region was made in 1911 by the naturalist Hermann von Iheringi, who described the species Speothos wingei with the type locality of "Santa Catarina". Cabrera (1958 Cabrera ( , 1960 Eighty-five years after the first record was made in Santa Catarina, Cimardi (1996) reported a second: near Sassafrás Biological Reserve, in the municipality of Mafra, in the northern portion of the state. Few additional details were provided.
We compiled eight records of bush dog in Paraná state over the last 17 years, as described below and illustrated in Figure 1 . The geographic coordinates of these records are given in Table 1 and plotted in the map in Figure 1 . These records represent a marked increase in the number of confirmed occurrences of the species in southern Brazil.
(1) Iguaçu National Park, Foz do Iguaçu: a record made by Peter Crawshaw in 1995, during his studies of Leopardus pardalis and Panthera onca ecology in Foz do Iguaçu and in Argentina (Crawshaw, 1995) . Reports by local residents regarding the species' presence were confirmed via an analysis of the bile-acids in scats, which matched the standard profile for the species (Leite Pitman, pers. comm.). The area is protected by Iguaçu National Park, most of which is covered by Seasonal Semideciduous Forest. The park measures 185,262 ha and is contiguous with the 67,720 ha Argentinian park of the same name.
(2) Serra dos Castelhanos, Guaratuba: a record made by biologists Liliani Marília Tiepolo and Alexandre Lorenzetto in 1999 between the Atlantic Forest mountain range and coastal lowlands, via interviews with a local resident. The resident described the species and reported having killed two "cachorro-pitoco" that attacked the chickens in his property. Vegetation in the area is Dense Montane, Submontane, and Lowland Ombrophilous Forest. The site is inside the Guaratuba Environmental Protection Area, a 199,596 ha sustainable use protected area, and in the immediate vicinity of Saint-Hilaire/Lange National Park, a 25,000 ha strictly protected area.
(3) Estrada do Cerne (Cerne Road), Castro: this record is based on a stuffed specimen deposited in the Museum of Zoology of Ponta Grossa State University. (5) Nova Fronteira Farm, Guaraqueçaba: three individuals were seen by ornithologists Fernando Costa Straube and Leonardo Deconto on 19 October 2011, at approximately 9:45 AM on the secondary road leading to Salto Morato Nature Reserve. The observers were able to observe the animals from a distance of 8-10 m and confirmed all of the characteristic features of the species: small size, short legs and tail, broad head, and small eyes. They also emphasized the rusty reddish color of the back of the animals' necks. The locality is at 22 m elevation and within the Nova Fronteira Farm (a privately owned ranch), approximately 1.6 Km from the Guaraqueçaba River and 3.0 Km from the southeastern border of Salto Morato Nature Reserve. The area is forested, with pioneer tree species along the forest edges and mature forest in its center. Near this site is the 2,340-ha Salto Morato Nature Reserve, which forms part of the 282,444-ha Guaraqueçaba Environmental Protection Area. Vegetation at Salto Morato consists of Alluvial Ombrophilous Forest, Dense Montane and Submontane Ombrophilous Forest, and River-influenced Pioneer Formations.
(6) Serra do Itaqui Nature Reserve: two records of adult individuals were obtained with a camera trap on two consecutive days in August 2011 by Fusco and Ingberman (2012) . The reserve covers 6,650 ha, ranges in elevation from 0 to 800 m, and is covered in Dense Ombrophilous Forest. The reserve forms part of a block of continuous forest within the Guaraqueçaba Environmental Protection Area, a sustainable use protected area comprising private properties and public and private strictly protected areas.
(7) Morro da Mina Nature Reserve: two adults were photographed with a camera trap in October 2011 by Fusco and Ingberman (2012) . The 3,300 ha reserve is located in the town of Antonina, in coastal Paraná, and covered in Dense Ombrophilous Forest.
(8) Sengés: two adult individuals were observed by geologist Márcio Kazubek at approximately 12:30, February 2011. The animals were on an infrequently used road in well-preserved gallery forest with Araucaria angustifolia trees, interspersed with natural fields and steep escarpments dominated by Pinus sp. plantations. The observer described the two animals as small with stubby tails, stocky bodies, large heads, dark brown coloration in the posterior portion of the body, and more reddish coloration on the head. The site is close to the old Fazenda Morungava, and contains a mosaic of soybean plantations, pastures, Pinus sp. plantations, and natural vegetation that remains connected to some degree. Human population density in the area is low, due to the rugged terrain of the Devonian Escarpment. The observer also mentioned that several species of mammals were commonly observed in the region, and emphasized that the two individuals he saw were not tayras (Eira barbara), which can be confused with bush dogs because of their similar size and coloration.
One other putative record of S. venaticus in Paraná was discarded after a review of the information. The report was based on two bush dogs, male and female, that arrived at the Curitiba Zoo between 1986 and 1987. The animals were found in the Boqueirão neighborhood of the city (where the zoo is located), after children were reported throwing rocks at them. The person who rescued the animals (Francisco Cominese), however, revealed a detail that was not in the original record: the animals were inside a broken box that had been discarded in the street. One of the animals was outside the box and being harassed by the children, while the other was inside. The box was full of old scat, which suggests that the animals had traveled a long distance in it. Both animals were tame and allowed themselves to be petted, which is typical of animals raised in captivity. One of these individuals is now deposited in the Capão da Imbuia Natural History Museum. Given the uncertainty regarding the original locality, the record was excluded from our database.
These records increase the number of localities where S. venaticus have been recorded in Paraná State from four (Mangini et al., 2009; Fusco and Ingberman, 2012) to eight. They also show that the species is occasional in Paraná in both forested and non-forested areas (i.e., open areas interspersed with croplands, Cerrado, and Araucaria forest), as illustrated by the records from Castro, Ponta Grossa, and Sengés. Likewise, these records show that S. venaticus travels during the day through disturbed areas close to densely populated towns and that it is hunted, as illustrated by the records from Serra dos Castelhanos and the Cerne Road.
Of the records described in this paper, four are in protected areas or in the vicinity of protected areas. This reflects the important role these areas play in the conservation of threatened fauna. A high priority for research is now to determine the population densities of bush dogs at these localities.
Speothos venaticus has been classified as threatened on the Paraná state red list since it was first published in 1995. In the first edition of the red list Margarido (1995) considered the species Endangered, but noted the lack of official occurrence records in Paraná and cited the state of Santa Catarina as the southernmost extent of its range. In the second edition of the red list, Margarido and Braga (2004) classified the species as Critically Endangered, based on the only two records known at that time (Crawshaw, 1995; Zanon et al., 2003) . In light of the scarcity of state-level records, in the list of Braga et al. (2010) the threat category was changed to Vulnerable, in line with the species' status at the national level. Given the new records described here, the infrequency of bush dog sightings, the degree of fragmentation and degradation of natural landscapes in Paraná, the growth in industrial monoculture agriculture in the state and the recent changes imposed to the Forest Code becoming less restrictive to deforestation, it appears that the species merits listing as Critically Endangered in future assessments of its conservation status in Paraná.
